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The organisms that belong to the Aurantiochytrium 
sp. are heterotrophic marine thraustochytrids with a high 
growth rate.  They produce many bioactive compounds 
such as squalene, docosahexanoic acid ( DHA, C22:6n-3 ) and 
odd-numbered fatty acids, and they are being improved in 
terms of their cellular cell functions for industrial 
utilization1 , 2).  

To introduce novel cell functions, irradiation with a swift, 
heavy-ion beam to induce mutations is an effective 
method3). At RIKEN RI Beam Factory (RIBF), microbial 
cells and plant seeds are irradiated with heavy-ion beams 
such as of  carbon and argon (Ar).  

In this study, Aurantiochytrium spp.NB6-3 and SYLR6#3 
were selected because of their short lag times and industrial 
usage. The strains were exposed to accelerated Ar ions with 
a dose range of 20 Gy to 80 Gy. After irradiation, cells were 
cultured on GTY medium (2% glucose, 1% Tryptone, 0.5% 
yeast extract and 1.8% Red Sea Salt)-containing agar plates 
(90mm) at 25˚C for 48 h. The colonies were counted  
using the colony forming unit (CFU) to estimate their 
survival rates and were isolated for mutant screening. 
Values were expressed as averages of duplicate CFU 
experiments. Survival rate was obtained using the formula: 

 
  Survival rate (%) = (number of colonies) / (cell 
number before irradiation) x 100 

 
The survival rates of both strains rapidly decreased with a 
dose of 20 Gy (Fig.1). The colony-forming cells were 
isolated from the agar plates and suspended in the sterilized 
GTY medium. The cell suspension was transferred to the 
cell-culture plates with 96 wells for primary screening. Cell 
density was measured using the iMark Microplate Reader 
(BIO RAD) at 650 nm. During the primary screening, based 
on the colony color and a higher growth rate, mutant cells 
were selected and transferred to test tubes for secondary 
screening. The colonies of Aurantiochytrium with high lipid 
contents showed cells also show orange to brown color. 
Therefore, to select mutants with high lipid contents, dark 
orange to brown colonies were picked out from the various 
mutated colonies.  
During the secondary screening, the selected cells were 
cultured in test tubes with reciprocal shaking at 25˚C for 48 
h. The cell growth rate was measured using packed cell 
volume (PCV, %) and was converted to cell number.  
Growth rate was calculated using the following equation:   

 

Growth rate ( hour⁻¹ ) = ln( X₁ / X₀ ) / ( t₁ - t₀ ) 
 
where X₁ and X₀ are cell densities ( cells/mL ) at times t₁ 
and t₀, respectively. During the primary screening, 22 and 
12 mutants were selected from the SYLR6#3 and NB6-3 
strains, respectively. However, the characteristic features of 
the selected mutants in terms of their colors and high 
growth rates completely disappeared. 
The effects of  other heavy-ion beams on cells are being 
investigated.  
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Fig.2 Growth rates of isolated strains estimated during 
the secondary screening 
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Fig.1 Survival curves of Aurantiochytrium sp. 
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Analysis of DNA breakpoint detected from 
rice exome sequencing data 
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We have performed exome sequencing analysis to reveal 
mutations induced by heavy-ion beams in rice. We used 
three software packages, GATK, Pindel, and BEDTools, to 
detect mutations from exome sequencing data. Among them, 
Pindel finds DNA breakpoints, decides the types of 
mutations such as deletion, insertion, inversion, and tandem 
duplication1). When Pindel cannot determine types of 
mutations, the mutation is called an "unassigned 
breakpoint". We found homozygous mutations called 
unassigned breakpoints from the rice mutant (Mutant-1) 
induced by Ne-ion beam irradiation. This mutant possessed 
three unassigned breakpoints. Two of these were located in 
the same chromosome, suggesting that they were 
breakpoints derived from an inversion. 

We confirmed the candidate inversion by polymerase 
chain reaction (PCR) analysis. First, we estimated the 
position of two breakpoints, namely, breakpoint A and 
breakpoint B by using Integrative Genomic viewer2). Then, 
we designed primer F1 having the sequences in the 
upstream region of the breakpoint A (Fig. 1). We created 
primer R1 corresponding to the downstream region of this 
breakpoint. Similarly, primers F2 and R2 were synthesized 
on both sides of the breakpoint B. When PCR was carried 
out with primer sets F1R1 or F2R2 using wild-type 
genomic DNA as the template, DNA amplification was 
observed (Fig. 1). On the other hand, when PCR was 
carried out using Mutant-1 DNA as the template, no 
amplification of these DNA fragments should be observed 
(Fig. 1). When we attempted to amplify a DNA fragment 
with primer sets F1F2 and R1R2 using Mutant-1 DNA, 
DNA amplification should be observed (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Experimental design for detecting an inversion by 
PCR. Bold arrows indicate the annealing site of each primer. 
Thin arrows indicate the direction of the DNA. Boxes 
indicate chromosome. 
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We investigated the existence of the inversion from DNA 
amplification pattern in this way. 

In the PCR experiment, DNA amplification was observed 
when we used primer sets F1F2 or R1R2 using mutant 1 
genomic DNA as the template (Fig. 2). No amplification of 
these DNA fragments was observed when we used 
wild-type DNA as the template (Fig. 2). These results 
demonstrated that homozygous inversion existed in the 
Mutant-1 plant as we expected. Sequencing analysis using 
PCR products of the Mutant-1 plant revealed that 2-bp 
deletion occurred at breakpoint A and 5-bp deletion 
occurred at breakpoint B (Fig. 3). The distance from 
breakpoint A to B was 298.6 kb, and we found a new 
mutant gene disrupted by breakpoint B (Fig. 3). Our 
findings suggest that we can identify new mutated gene 
from a mutation that is called an "unassigned breakpoint" 
by using Pindel. PCR analysis of "unassigned breakpoint" 
mutations generated in other mutants is in progress. 

 
 
 
 
 
 
 
 
 
Fig. 2. Detecting an inversion generated in mutant-1. DNA 
amplification is detected by MCE-202 MultiNA (Shimadzu). 
The names of the genomic DNAs and primers are displayed 
above the gel image. DNA size markers are shown on the 
left side. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Structure of inversion determined in this study. Thin 
arrows indicate the direction of the DNA. The gene 
disrupted by the inversion is shown as the yellow box. 
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